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Abstract 
Angelman syndrome (AS) is a neurogenetic disorder caused by maternal 
deletions of 15q11-13 (classic deletion), paternal uniparental disomy (UPD), 
imprinting defects, and point mutations or small deletions in the UBE3A gene. It 
has been suggested that there is a correlation between the genetic mechanism 
and the behavioural and developmental phenotype, though there is as yet limited 
evidence concerning communication phenotypes in Angelman syndrome. The 
aim of the study was to establish whether there is a difference in communication 
phenotypes to parallel the different genetic mechanisms causing AS.  The 
hypothesis tested was that children and young people with the classic deletion 
would have lower levels of developmental skills than those with non-deletion AS. 
 
Seven children/young people with a classic deletion were matched for age and 
gender with subjects with imprinting defect or UPD.  Assessments covered a 
number of domains of communication: comprehension, production and pragmatic 
use of language, communication modes and oro-motor skills. 
  
A significant group difference was found for five of the nine variables measured. 
Higher levels of ability were demonstrated by children with imprinting defect or UPD 
in terms of greater comprehension of phrases and words, more spoken and gestural 
communication, a greater range of communicative functions and apparently better 
oral-motor skills.  
 
The findings of this study have implications for therapeutic intervention and 
prognosis for communication development. 
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Communication skills in Angelman Syndrome: Matching phenotype to 
genotype 
 
Introduction 
Angelman syndrome was first recognised in 1965 (Angelman, 1965). It is a 
neurogenetic disorder caused by deletion or dysfunction of the maternally derived 
chromosome 15q11-13, estimated to affect around 1 per 10,000-20,000 live births 
(Petersen, Brondom-Nielson, Hansen, Wulff, 1995). Molecular analysis is now able 
to distinguish four major genetic mechanisms responsible for Angelman syndrome 
with the following estimated rates of occurrence:  
• maternal deletions of 15q11-13 (70%)  
• paternal uniparental disomy (3-5%)  
• imprinting defects (3-5%)  
• single point mutations (UBE3A) (5%)  
No 15q11-13 abnormality is found in the remaining 15-20% of cases with clinical 
features of Angelman syndrome. The four mechanisms described above all lead to 
the absence of a functional maternal copy of the UBE3A gene (Wagstaff, 1999).  The 
clinical features of AS include severe developmental delay, seizures, an ataxic gait 
and jerky limb movements, distinctive facial features (microcephaly, wide mouth, 
protruding tongue) and hypo pigmentation. Affected individuals are also reported to 
have a happy disposition and a tendency to laughter. A number of authors have 
commented on both the limited speech and lack of use of non-verbal systems such 
as sign and gesture (Robb et al 1989, Alvares & Downing 1998).  
 
 There has been a growing interest in the relationship between the genetic 
mechanism and differences in the behavioural and developmental phenotype (Smith 
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et al 1996, Moncla et al 1999, Clayton Smith 2001, Varela et al 2004). Williams et al., 
1995) suggested that children with paternal uniparental disomy for chromosome 15 
have less severe manifestations of the syndrome than children with classic deletions.  
Moncla et al (1999) compared the clinical phenotype of 20 non-deletion patients with 
20 deletion patients. They demonstrated that there is a less severe phenotype in 
people with AS who do not have the classic deletion, in both physical and 
neurological features. The paper also described language and communication 
differences although no formal measures were taken. The present study, therefore, 
undertakes a more detailed look at the communication skills of young people with 
Angelman syndrome according to their genotype.  
 
An earlier pilot study by Jolleff and Ryan (1993) investigated the perceived gap 
between receptive and expressive language skills. This was a small study of 11 
children and no conclusive explanation was found for the lack of speech, although 
compromised oral motor co-ordination and limited communicative intent were 
suggested as contributory. Penner et al (1993) have reported similar findings and 
concluded that there is a variation in communication skills not wholly accounted for 
by severe cognitive impairment. However other authors (Moncla et al 1999, Alvares 
and Downing 1998, Clayton-Smith 1993, Williams et al 1995) have suggested that 
some of the children present with a relatively greater ability to imitate and to use 
pointing and formal signs, speech, symbols and communication devices. Jolleff and 
Ryan (1993) found that the children with  familial AS had more ability with motor 
imitation, some pointing and a few words or signs. This was shown more 
convincingly in the study by Moncla et al (1999).   This paper describes the patients 
with deletions to have a severe oral motor dyspraxia, only able to express their basic 
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needs and preferences by guiding or touching an adult’s hand to what they wanted. 
The non-deletion patients had more words, greater oral praxis (e.g. kissing) and 
were able to develop a private gestural code which was clear to other family 
members.   Therefore, it was considered that systematically collected data on 
communication skills of children and young people with Angelman syndrome would 
be important to inform therapeutic decision making, especially in relation to recent 
advances in genetic understanding. 
 
Aims of the study 
This study aimed to establish whether there is a difference in communication 
phenotypes to parallel differences in genetic pattern in Angelman syndrome.  
The hypothesis was that children and young people with a classic deletion have 
lower levels of developmental skills than children and young people with an 
imprinting defect or a paternal uniparental disomy, when matched for age. 
 
Method 
Participants 
Children and young people up to 21 years of age were identified in 1998 from the 
databases held at Great Ormond Street Hospital NHS Trust/The Institute for Child 
Health, London, and the UK Angelman Syndrome Support Group.  Molecular 
diagnosis was confirmed at the Institute of Child Health. The subjects were chosen 
first according to the rarer genetic mechanisms and all those in the age range were 
approached by letter, for their consent to assessment of the child.  A child with a 
classic deletion, matched by age, was then chosen from the databases as a pair for 
each child with non-deletion AS.  Fourteen children took part in the study; within 
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each pair one person had a classic deletion and the other had an imprinting defect or 
paternal uniparental disomy.  (A further six children were assessed. However, the 
three children thought to have AS with a point mutation were later not confirmed by 
molecular testing, therefore the data from the three pairs were excluded from 
analysis.)  Exclusion criteria were: the genetic mechanism not known, and English 
not the first language in the home. 
 
All subjects were aged between seven and twenty-one years, matched within twelve 
months when aged up to ten years, and within twenty-four months when above ten 
years  (see Table).   Four families who were approached did not take part in the 
study, only one of whom had a child with non-deletion AS (imprinting defect). Two 
refused because of family difficulties, one did not respond to the initial letter and one 
did not return the questionnaire. The children with a classic deletion were replaced 
with an age-matched child from the database of the same genetic profile.    
 
Measures 
The study aimed to look at a number of domains: 
1. Comprehension of language – MacArthur Communicative Development 
Inventory (1993) and the Cass and Lees Assessment Schedule 
(1998,Version IIb).  
2. Size of vocabulary – MacArthur Communicative Developmental Inventory 
(1993). 
3. Use of language – Dewart and Summers Pragmatics Profile (1995). 
4. Modes of communication – Dewart and Summers Pragmatics Profile (1995). 
5. Oro-motor skills – Paediatric Oral Motor Skills Package (Brindley et al, 1996). 
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The Communicative Development Inventory (MacArthur, 1993) lists common 
early vocabulary and actions of symbolic play.  Parents are asked to indicate which 
words and phrases the child understands, and which s/he uses.  Additional sections 
list first communicative gestures, and actions in symbolic play.  Data are presented 
as total numbers of words, phrases, etc. 
 
The Pragmatics Profile (Dewart and Summers, 1995) records the way individuals 
use their communication skills in different situations. Two sections were completed 
by parents - communicative functions (modes of communication such as eye-
pointing, gesture, photographs etc.), and response to communication. Parents are 
asked to indicate how their child communicates in specific situations, e.g ‘How does 
your child usually get your attention?’ Parents describe their child’s behaviour in 
writing, and this is scored on a developmental rating scale (usually a 6 point scale) 
up to an age equivalent of four years (Hand, 1996).  Data are presented as 
percentages of the maximum score for each of 8 functions and 8 responses. 
 
The Cass and Lees Assessment Schedule (Version 11.b, 1998) was developed 
for a study of children with epilepsy and disorders of language and social 
communication.  It documents the following developmental domains: attention 
control, language levels, constructive play, and cognitive ability. The level of delay in 
each domain is scored from elicited play with the child, or from parental report if not 
observed, up to an age equivalent of four to five years. This assessment is not 
standardised but uses items from a number of published developmental schedules.  
The Schedule also asks parents about the following disorder categories: behaviours, 
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language functions, social interaction and spontaneous activities (e.g. resistance to 
change).  Subcategories are scored on frequency, and totalled to give category 
quotients (ie. proportions of the maximum score) with higher scores indicating ‘more 
normal’. 
 
The Paediatric Oral Skills Package (Brindley et al, 1996) assesses developmental 
oro-motor skills. Four sections of this assessment were administered directly with the 
young person: oro-facial, structure and function, saliva control, eating and drinking.  
Consensus ratings were made from videotape, following training of the researchers 
(FE and MR) to reliability.  Each section was rated according to level of severity of 
impairment on a 5-point scale, and a total obtained (possible score range 0 – 60). 
 
Procedures 
The two questionnaires, MacArthur Communicative Development Inventory, and the 
Pragmatics Profile, were sent to the families for completion following their consent to 
inclusion in the study. Each subject was then visited at home by a research speech 
and language therapist (FE) who was ‘blind’ to the chils’ genetic grouping.  She 
videotaped gross and fine motor skills, and administered the Paediatric Oral Skills 
Package. The Cass and Lees Assessment Schedule (Version II.b, 1998) was also 
carried out with the child at this visit. 
 
Analysis 
The Wilcoxon Matched-Pairs signed-ranks test was used to test the hypothesis, at a 
5% level of significance (two-tailed test). 
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  (insert Table about here) 
 
Results 
There was no difference evident in pattern of scores between the five children with 
UPD and the two with imprinting defect, therefore the results are presented for the 
non-deletion AS children together.  Significant differences were found between the 
classic deletion and non-deletion groups for five of the nine variables measured, and 
all median differences were in the direction hypothesised.  The children/young 
people with imprinting defect or UPD showed a significantly higher level of ability on 
developmental testing than the classic deletion group, on the Cass and Lees 
Assessment Schedule (medians 58 and 47 respectively, T = 0) though the groups 
did not differ significantly on level of disorder.  Parents reported significantly greater 
comprehension of phrases (medians 24 and 15, T = 1), understanding and use of 
words (medians 181 and 94, T = 0), and more gestural communication (medians 9 
and 4, T = 1.5).  Parents also reported a significantly greater range of communicative 
functions (medians 54 and 38, T = 2) in the children with non-deletion AS.   These 
children also had apparently better oral-motor skills (medians 28 and 14) though the 
loss of data from two of the children meant that a statistical test was not used.   
 
All of the children with classic deletion had epilepsy, and in two this was recurrent.  
Of the children with non-deletion AS, only two had epilepsy and this was controlled 
with medication. 
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Discussion 
The study is limited in power by the small numbers available, but given the rarity of 
Angelman syndrome and the even greater rarity of genetic mechanisms other than 
the classic deletion, the study may be considered a significant addition to the 
literature.  The Great Ormond Street Hospital database covers the whole of the UK; 
all children and young people who met the age criterion and who had either 
uniparental paternal disomy or an imprinting defect were approached to take part in 
the study, and only one family refused. There is therefore not thought to have been 
any significant bias in subject selection. 
 
As expected from previous literature, the children with a classic deletion were found 
to be of significantly lower ability on direct testing with a composite developmental 
assessment schedule developed specifically to be suitable for children with epilepsy 
in this ability range.  Although 90 percent of children with AS have epilepsy 
(Minassian et al 1998), children with the classic deletion are more prone to epilepsy. 
In the present study, all such children had epilepsy, and only two with non-deletion 
AS did so.  The epilepsy tends to start early and to be difficult to control, therefore 
part of the increased developmental impairment may be secondary to epilepsy, i.e. 
an epileptic encephalopathy.  The selective bulbar nature of such an encephalopathy 
is also quite possible (Scheffer et al 1995).  The relationship between epilepsy in 
genetic disorders and developmental outcome has been reviewed by  Besag (2002).   
Didden et al (2004) have found a relationship between low levels of communication 
skills and the presence of epilepsy in AS.  The present study also found significant 
differences related to use and understanding of language, including use of gestures, 
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again with the children with a classic deletion almost always reported as showing 
lesser ability than the paired child/ young person with non-deletion AS.   
 
Jolleff and Ryan (1993) postulated that poor speech and gesture (including signing) 
might be explained by difficulties either with communicative intent, or with co-
ordination skills.  The range of scoring on the Pragmatics Profile was wide but all 
except one individual from the classic deletion group was reported to use 
significantly fewer communicative functions than their matched pair.  This same pair 
also went against the general trend in terms of reported levels of responsiveness to 
communication.  In terms of oral skills, four of the five pairs for whom data were 
complete showed a difference in the expected direction.  Therefore the intention to 
communicate, and oral-motor skills, both seem to contribute to level of ability in 
language and communication in a consistent way.   
 
However, all previous studies have reported individuals who are in some way 
exceptional.  In the present study, one individual with a classic deletion (pair 6) was 
at median level for developmental delay, and for reported understanding of words 
and phrases, but it was noticeable that he had high reported scores on use of first 
communicative gestures, e.g. early non-verbal communication such as nodding and 
shaking head, communicative functions and response to communication.  This 
pattern might be attributed to parents’ positive reporting (though not evident in the 
reporting of comprehension) except that he also had the highest level of oral motor 
skills of the whole group when observed directly.  This suggests that his skills 
contributed to success and willingness to communicate. Other authors (Oliver et al 
2002)  have suggested that certain behaviours such as laughing may be influenced 
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by environmental and social factors and not necessarily be genetically determined. It 
may therefore be possible that the greater ability of the young people with the rarer 
genotype to communicate more fully may be due to a combination of 
environmental/experiential factors and genetic mechanism.  One other child with a 
classic deletion (pair 1) had results which compared favourably with the non-deletion 
group in part.  He was observed (and reported) to follow comprehension tasks at a 
two-word level, and his communication was much aided by the use of gesture and 
Makaton.   Thus, communication ability within the group of children with a classic 
deletion potentially varies widely, and this may be related in some instances to good 
control of epilepsy.  
 
The children and young people with imprinting defect or paternal uniparental disomy 
generally showed greater spontaneous expressive skills than their matched pair. 
Two individuals within this group used a speech output device with symbols (both 
had UPD). Other individuals used a variety of communication modes, such as, 
speech, vocalisation, gesture and pointing.    
 
Children with paternal uniparental disomy may have a greater potential for use of 
high-tech augmentative communication systems than children with a classic deletion. 
Several subjects in both groups were reported to use other means of communication 
e.g. photographs, in different environments such as at school, but spontaneous use 
of these methods were not observed during the assessment which took place in the 
subjects’ homes. This suggests that children with a deletion may benefit from the 
implementation of low-tech augmentative communication devices, using objects and 
photographs, but will need strategies to use them purposefully. 
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Some of the children with non-deletion AS were reported to use Makaton signing.  In 
some cases signing was observed being used spontaneously and appropriately, but 
rarely were the signs executed accurately and intelligibly, due to poor fine motor 
skills. In the study by Alvares and Downing (1998), parents reported that both of the 
two children with UPD used signing, while only 3 of the 11 children with a classic 
deletion did so.  The spontaneous use of Makaton signing adds weight to the finding 
that children with non-deletion AS have higher reported communicative intent.  
 
Implications 
This research has added to the growing body of work which recognises differing 
phenotypes according to genetic mechanism of AS. Previously it has been 
recognised that children with paternal uniparental disomy walk earlier and have less 
severe and frequent seizures than children with a deletion (Bottani et al 1994, Smith 
et al 1997, Moncla et al 1998). It has now been shown that these children also have 
significantly better understanding of language, they have greater communicative 
intent, and use a wider range of communication methods. Understanding this profile 
will enable speech and language therapy and special teaching practices to be 
planned more appropriately.  However, this must always been undertaken in relation 
to an individual profile of ability, not forgetting that there is still a range of ability 
within the group of children with a classic deletion. 
 
Understanding the variability in development of speech within AS should lead to 
discussion as to whether conventional speech and language therapy should be 
undertaken in isolation from broader types of intervention.  Firstly, given the 
 15 
evidence of feeding difficulties , oro-motor exercises may be beneficial for many 
individuals.  Secondly, the difficulty for many children with AS to acquire and use 
Makaton signing suggests that a sign system may not be an entirely functional 
communication system because of fine motor difficulties. However, gesture and 
approximated signs may be part of a range of communication systems utilised by 
this group of children, and in any event should be used by carers to aid verbal 
comprehension. 
 
Augmentative communication should be implemented as early as possible with all 
children with AS. A multi-modal approach would offer a child as many means of 
communication as possible and increase their chances of successful communication. 
This would include any speech, gesture, formal signing and the use of augmentative 
communication systems (objects of reference, pictures, symbols and electronic 
devices). This would allow a child to build on their communication skills from a pre-
linguistic level of language using objects of reference to aid their environmental 
comprehension, through to a means of expressive communication using a symbol 
communication book or a speech output device. 
 
Future multidisciplinary research requires a much larger population of subjects with 
differing genetic mechanisms of Angelman syndrome. This would help identify the 
differences across the spectrum of abilities within the syndrome and allow greater 
understanding of the cognitive profile and how these relate to receptive and 
expressive language (Peters et al., 2004).  Differences in the size of the deletion and 
the break points of deletion may also explain some of the variation in phenotype 
(Varela et al 2004).  Understanding the effects of epilepsy on speech acquisition, 
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and the effects of improved control of epilepsy, as the young people mature, may 
give further insight into the condition.
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Table    Characteristics of the young people, and scores on four measures of communication. 
 
 
Pair          1         2   3      4        5       6       7 
Mechanism del upd del imp del imp del imp del upd del upd del upd 
Age (years) 13 13 19 21 7 8 12 13 11 11 15 15 7 7 
Gender m m f f f f m m f m m m m f 
Epilepsy Ec - Ec - E Ec Ec - E Ec Ec - Ec - 
               
MCDI 
- comprehension of phrases 
 
15 
 
28 
 
24 
 
23 
 
 8 
 
15 
 
17 
 
28 
 
  5 
 
24 
 
17 
 
24 
 
12 
 
28 
- production single words 238 261 131 172  13 168 102 342  55 224  94 181  85 238 
- first communic. gestures  8 11  5  7  0  6  4  9  1 10  7  5  3 10 
- symbolic play 29 33 16 23  2 30 18 31  5 34 31 18 15 47 
Pragmatics Profile 
- functions 
 
51 
 
54 
 
42 
 
79 
 
19 
 
45 
 
38 
 
66 
 
21 
 
50 
 
51 
 
45 
 
32 
 
58 
- response to communication 54 75 63 88 22 47 36 77 50 54 65 31 45 70 
Cass and Lees Assessment S. 
- delay 
 
52 
 
58 
 
40 
 
76 
 
25 
 
50 
 
47 
 
60 
 
39 
 
56 
 
47 
 
47 
 
47 
 
68 
- disorder 61 65 53 79 62 64 67 83 52 80 68 71 87 72 
Paediatric Oral Skills Package 15 * 11 29 18 25 12 28 8 * 31 30 14 23 
 
*  these children refused to drink so have no total score 
del = classic deletion; upd = uniparental disomy; imp = imprinting defect. 
m = male; f = female. 
E = epilepsy; c = controlled. 
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